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Having determined that there are no simple solutions, the CEF committee searched for solutions that 
involved many components.

[i ewwiwwih jiewmfpi tvskviww mr jsyv qensv egxmsrw xs qshmj} xli irivk} w}wxiq> ijĂgmirg}0 ipigxvm-
Ăgexmsr0 higevfsrm~mrk ipigxvmgmx} ,mrgpyhmrk pseh fepergmrk-0 erh higevfsrm~mrk jyip2 

52 IjĂgmirg} erh IpigxvmĂgexmsr

IjĂgmirg} erh ipigxvmĂgexmsr qiewyviw evi hmwgywwih xskixliv figeywi qer} ipigxvmĂgexmsr qiewyviw 
evi epws sjxir ijĂgmirg} qiewyviw2 IpigxvmĂgexmsr vijivw xs xli tvsgiww sj w{mxglmrk jvsq ywmrk e jyip 
to provide the desired end use service to using electricity-powered systems. For instance, replacing 
rexyvep kew jsv {exiv sv wtegi liexmrk xs lmkl ijĂgmirg} ipigxvmg liex tyqtw0 sv w{mxglmrk jvsq 
gasoline-powered cars to plug-in hybrid or all-electric vehicles.
 
Projected advances in 2050 are largely limited by turnover rates.  We assumed aggressive turnover 
rates that are nonetheless within the range of historical precedents. These measures include:

All new buildings built to new energy standards starting in 2015. These standards result in 
tvskviwwmzip} qsvi ijĂgmirx fymphmrkw {lmgl0 f} 64840 ywi <4) piww irivk} xler fywmriww1
ew1ywyep2 Epp viqemrmrk fymphmrkw evi imxliv ekkviwwmzip} vixvsĂxxih sv vitpegih ew tevx sj xlimv 
rexyvep pmjig}gpi0 }miphmrk 84) szivepp ijĂgmirg} mqtvsziqirxw mr fymphmrkw2
Seventy percent of building space and water heating shifts from natural gas to using electricity.
E vihygxmsr sj 74) mr tixvspiyq ywi erh 94) mr rexyvep kew ywi jvsq fywmriww1ew1ywyep 
{mpp fi eglmizih mr mrhywxv} tvmqevmp} xlvsykl FEY ijĂgmirg} kemrw erh wsqi ipigxvmĂgexmsr2 
Hs{rwm~mrk sj xli viĂrmrk mrhywxv} ew xli igsrsq} xverwmxmsrw xs ywmrk fmsjyipw gsyph jyvxliv 
vihygi mrhywxvmep jswwmp jyip ywi jvsq FEY f} efsyx 59)2
F} 64940 ettvs|mqexip} ;4) sj ri{ pmklx1hyx} zilmgpiw ,PHZ-0 erh efsyx :4) sj xli ăiix0 evi 
imxliv tpyk1mr l}fvmh sv epp1ipigxvmg2 Xli pmuymh jyip tsvxmsr sj zilmgpiw mw uymxi ijĂgmirx vipexmzi 
xs xshe}> :8 qtk jsv ri{ zilmgpiw0 erh 9< qtk jsv xli ăiix eziveki2 Mrgpyhmrk ipigxvmg zilmgpi 
miles in the average gives 87 mpgge9 jsv ri{ zilmgpiw erh ;6 qtkki jsv xli ăiix2 Fyw erh vemp 
evi 544) ipigxvmĂih2
Jsv xli l}hvskir wgirevms0 ettvs|mqexip} :4) sj xli 6494 PHZ ăiix evi l}hvskir1ts{ivih 
erh 64) evi imxliv tpyk1mr l}fvmh sv epp1ipigxvmg0 viwypxmrk mr e ps{iv gsrzirxmsrep jyip yweki 
xler mr xli rsr1l}hvskir wgirevms2 Xli ijĂgmirg} sj l}hvskir1ts{ivih zilmgpiw mw efsyx <4 
mpgge.
Szivepp jyip ywi mr ezmexmsr erh xvygow hvstw f} efsyx lepj hyi xs wmkrmĂgerx ijĂgmirg} erh 
stivexmsrep mqtvsziqirxw erh0 jsv xvygow0 ipigxvmĂgexmsr sj wlsvx1verki zilmgpiw2

Mr xsxep0 {i Ărh xlex ekkviwwmzi ijĂgmirg} qiewyviw gsyph vihygi xli tvsnigxih hiqerh jsv ipigxvmgmx} 
f} 7:) vipexmzi xs FEY2  Xli qensvmx} sj xiglrspskmiw riihih jsv xliwi ijĂgmirg} qiewyviw evi 
either currently commercial or in demonstration.  Technologies in demonstration or development 
{mpp viuymvi mrrszexmsr erh {mhiwtvieh gsrwyqiv ehstxmsr2

9 Qmpiw tiv keppsr kewspmri iuymzepirx2
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reservoirs in California, perhaps enough to last through the 21st century 2  Wepmri euymjivw gsyph 
tvszmhi qer} higehiw sj wxsveki getegmx} fi}srh xlmw0 fyx qsvi viwievgl mw viuymvih xs iwxefpmwl 
their safety and suitability for CCS.  

The capacity factor  jsv jswwmp {mxl GGW mw <4)0 wsqi{lex ps{iv xler xlex jsv rygpiev ts{iv2 Fyx 
mr ehhmxmsr0 xli getxyvi erh wiuyiwxvexmsr sj xli GS2 viuymviw irivk} xlex mw xlir rsx ezempefpi jsv 
hmwxvmfyxmsr2 Xlmw irivk} mw ors{r ew ötevewmxmg pseh2÷ Xli ewtmvexmsrep ksep sj GS2 capture research 
mw xs vihygi tevewmxmg pseh hs{r xs 54)2 Xlmw lew fiir hiqsrwxvexih mr xli pefsvexsv} fyx rsx ex 
gsqqivgmep wgepi? xlivijsvi xlmw mw e öfmr 6÷ xiglrspsk} riih2 Mj xlivi mw e 54) tevewmxmg pseh jsv 
GS2 getxyvi0 xli kvsww  eqsyrx sj jswwmp {mxl GGW getegmx} riihih mw 98 K[ ,jsv xli gewi {livi 
jswwmp {mxl GGW wivziw :6) sj 954 X[l3}v-2  Ls{iziv0 mj {i pmqmx syvwipziw xs öfmr 5÷ ,i2k2 gyvvirx 
eqmri wgvyffmrk-0 tevewmxmg psehw evi mr xli rimklfsvlssh sj 74) 1 {lmgl {syph viwypx mr e riih jsv 
:8 K[ sj getegmx} mr xlex gewi erh mrgviewmrk xli gswx sj ipigxvmgmx} jvsq xlmw wsyvgi eggsvhmrkp}2

The build rate would be similar to nuclear power, about one plant per year (China builds one 
gsrzirxmsrep gsep1Ăvih tperx efsyx iziv} x{s {iiow-2 Xli gswx sj getxyvi viqemrw uymxi lmkl ex (64 
ô 843 Q[l2  Xli gswx sj wiuyiwxvexmsr mr smp erh kew viwivzsmvw mw e wqepp jvegxmsr sj xli getxyvi gswxw2  
Wlsyph tmtipmriw fi viuymvih0 xliwi evi iwxmqexih ex (9440444 tiv qmpi0 ew gsqtevih xs (5/ qmppmsr 
per mile for electricity transmission.  

Renewable Electricity 

California has a wide variety of renewable resources – wind, solar, biomass, geothermal, hydro, and 
marine energy offshore.  As estimated in several California Energy Commission studies, the total 
ezempefpi viwsyvgiw evi qsvi xler wyjĂgmirx xs qiix xli i|tigxih hiqerh jsv ipigxvmgmx} viuymvih mr 
2050 and beyond.  

Because renewable resources (particularly wind and solar) tend to have a lower capacity factor than 
other generation resources, much more renewable generation capacity would need to be built than 
mr xli sxliv gewiw2  Mj er eziveki getegmx} jegxsv sj 7;) mw ewwyqih0 erryep mrwxeppih viri{efpi 
energy generation would need to increase by an order of magnitude, jvsq 5: K[ mr 644= xs 5:9 
K[ mr 64942 Xs tyx xlmw mr tivwtigxmzi0 xlmw mqtpmiw e kvs{xl vexi jsv {mrh ts{iv sj efsyx ;29) 
tiv }iev0 erh jsv wspev ts{iv sj efsyx 56) tiv }iev0 izir {mxl ewwyqih mrgviewiw mr fmsqeww erh 
geothermal power and the assumption that California’s large hydro resources remain in operation.  

Most of the renewable generation technology is commercially available and much innovation is 
underway to improve performance or decrease generation cost.  Most renewables will become 
gsqtixmxmzi {mxl e tvmgi jsv GS2 of about $30/t.  In some recent power purchase agreements, larger 
solar photovoltaic (PV) facilities were priced at or below the price of new natural gas facilities 
(thanks to Federal and State tax incentives), enabling them to compete with grid power. Wind energy 
in areas of good wind resource can be cost-competitive given this same favorable tax treatment, 
and conventional geothermal and hydropower resources are already among some of the lowest-cost 
resources in California.   

21 Liv~sk0 Ls{evh0 [imjirk Pm0 Lsrkpmerk ,Lirv}- ^lerk0 Qm Hmes0 Kvik Wmrkpixsr0 erh Qevo Fslq2 644;2 [iwx 
Gsewx Vikmsrep Gevfsr Wiuyiwxvexmsr Tevxrivwlmt> Wsyvgi1Wmro Glevegxivm~exmsr erh Kiskvetlmg Mrjsvqexmsr 
System-Based Matching. California Energy Commission, PIER Energy-Related Environmental Research Program. 
CEC-500-2007-053.

22 The net capacity factor of a power plant is ratio of the actual output of a power plant over a period of time and its 
output if it had operated at full nameplate capacity the entire time.
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Appendix B: California’s Energy Future Full Committee

Jane C.S. Long (Co-chair), CCST Senior Fellow, and Associate Director at Large, and Fellow, Center 
jsv Kpsfep Wigyvmx} Viwievgl Pe{virgi Pmzivqsvi Rexmsrep Pefsvexsv} 

Miriam John (Co-chair), CCST Council Chair and Board Member, and Former Vice President, Sandia 
National Laboratories

Lead Authors

Jeffery Greenblatt0 Tvsnigx Wgmirxmwx0 Ettpmergi Irivk} IjĂgmirg} Wxerhevhw0 Irzmvsrqirxep Irivk} 
Technologies Division, Lawrence Berkeley National Lab

Max Wei, Researcher, Lawrence Berkeley National Laboratory and University of California, Berkeley

Chris Yang0 Viwievgl Irkmriiv erh Gs1piehiv sj Mrjvewxvygxyvi W}wxiq Erep}wmw Viwievgl Kvsyt0 
University of California, Davis

Burton Richter, CCST Senior Fellow and Paul Pigott Professor in the Physical Sciences Emeritus, 
Director Emeritus, Stanford Linear Accelerator Center, Stanford University

Bryan Hannegan, CCST Council Member and Vice President, Environment and Renewables for the 
Electric Power Research Institute

Heather Youngs, Bioenergy Analysis Team, Energy Biosciences Institute, University of California, 
Berkeley

Working Committee

Robert Budnitz, Staff Scientist, Earth Sciences Division, Lawrence Berkeley National Laboratory

Linda Cohen0 GGWX Wirmsv Jipps{ erh Ewwsgmexi Hier jsv Viwievgl * Kvehyexi Wxyhmiw erh Tvsjiwwsv 
of Economics, University of California, Irvine

Bill Durgin0 Tvsjiwwsv0 Eivswtegi Irkmriivmrk0 Gepmjsvrme Tsp}xiglrmg Yrmzivwmx} Wer Pymw Sfmwts

Bob Epstein, Founder, E2 Environmental Entrepreneurs

Chris Field0 Hmvigxsv0 Hitevxqirx sj Kpsfep Igspsk}0 Gevrikmi Mrwxmxyxmsr

Susan Hackwood, Executive Director, California Council on Science and Technology

Roland Hwang, Transportation Program Director, Natural Resources Defense Council

Nalu Kaahaaina0 Hityx} Tvsnigx Hmvigxsv0 Irivk} erh Irzmvsrqirxep Wigyvmx}0 Kpsfep Wigyvmx} 
Principal Directorate, Lawrence Livermore National Lab










